Measuring the functionality of the mitochondrial pumping complexes with multi-wavelength spectroscopy.
The proton pumps of the mitochondrial electron transport chain (ETC) convert redox energy into the proton motive force (ΔP), which is subsequently used by the ATP synthase to regenerate ATP. The limited available redox free energy requires the proton pumps to operate close to equilibrium in order to maintain a high ΔP, which in turn is needed to maintain a high phosphorylation potential. Current biochemical assays measure complex activities far from equilibrium and so shed little light on their function under physiological conditions. Here we combine absorption spectroscopy of the ETC hemes, NADH fluorescence spectroscopy and oxygen consumption to simultaneously measure the redox potential of the intermediate redox pools, the components of ΔP and the electron flux in RAW 264.7 mouse macrophages. We confirm that complex I and III operate near equilibrium and quantify the linear relationship between flux and disequilibrium as a metric of their function under physiological conditions. In addition, we quantify the dependence of complex IV turnover on ΔP and the redox potential of cytochrome c to determine the complex IV driving force and find that the turnover is proportional to this driving force. This form of quantification is a more relevant metric of ETC function than standard biochemical assays and can be used to study the effect of mutations in either mitochondrial or nuclear genome affecting mitochondrial function, post-translation changes, different subunit isoforms, as well as the effect of pharmaceuticals on ETC function.